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Distribuídos por águas tropicais e subtropicais de todo o mundo, florestas de mangal, 
pradarias de ervas marinhas e substratos lodosos e arenosos caracterizam a interface 
terra-água de muitos destas zonas e compõem a sua zona entre marés. São habitats 
costeiros que para além de suportarem uma elevada biodiversidade e fornecerem uma 
série de serviços ao homem e ao ambiente, funcionam como áreas de viveiro para 
variadas espécies de peixes e crustáceos, particularmente camarões penaeideos, um 
importante recurso pesqueiro em todo o Mundo.  
Decapodes da Subordem Dendrobranquia, os camarões da família Penaeidae, são um dos 
mais diversificados e bem distribuídos grupos de organismos em águas tropicais e 
subtropicais, apresentando um número consideravelmente elevado de espécies 
comerciais. O padrão de uso temporal e espacial de habitats específicos por estes 
organismos pode variar em função das suas estratégias ao longo do ciclo de vida. A 
utilização destas áreas pelos indivíduos, pode estar associada a preferências de habitat 
relacionadas com questões específicas de tamanho e idade e à disponibilidade de habitats 
adequados, tendo contudo como base a disponibilidade de alimento para suprir as suas 
necessidades nutricionais e/ou a protecção contra predadores que cada habitat costeiro 
pode fornecer. Em áreas onde os mangais e restantes habitats costeiros, devido a uma 
grande amplitude de maré, não estão continuamente disponíveis, as espécies que fazem 
uso destes ambientes necessitam de encontrar habitats alternativos ao longo do ciclo de 
maré. Nestas áreas existe à partida uma conectividade entre os habitats costeiros imposta 
pelo regime de marés. Por outro lado questões sazonais, ontogenéticas e relacionadas 
com a alimentação das espécies proporcionam o movimento de organismos entre 
diferentes habitats levando igualmente à conectividade entre habitats. Informação sobre o 
uso dos habitats costeiros como zona de alimentação de várias espécies, assim como a 
conectividade entre habitats relacionada com questões alimentares é extremamente 
importante para a conservação e gestão das espécies.  
O principal objectivo do presente trabalho de investigação foi o estudo da conectividade 
entre os habitats costeiros relacionada com questões alimentares de quatro espécies de 
camarões penaeideos (Fenneropenaeus indicus, Marsupenaeus japonicus, Metapenaeus 
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monoceros and Metapenaeus stebbingi) em duas baías de mangais em franja da Ilha da 
Inhaca, Moçambique, fazendo uso da técnica de análise de isótopos estáveis de carbono e 
azoto. Foram de igual modo estudadas a possibilidade de mudanças ontogenéticas na 
dieta e as principais fontes de carbono primário para as mesmas espécies camarão. A 
conectividade foi estudada entre o habitat de floresta de mangal, o substrato arenoso, o 
substrato lodoso e o tapete de ervas marinhas na Baía do Saco da Inhaca. E entre os 
mesmos habitats anteriores, há excepção do substrato lodoso, na Baía de Sangala. Estas 
baías ocorrem respectivamente a Sul e a Norte da Ilha da Inhaca.  
A técnica de isótopos estáveis tem sido nos últimos anos amplamente utilizada em 
estudos relacionados com o movimento de organismos, baseando-se na premissa de estes 
adquirem os isótopos estáveis através da sua dieta e que a dieta é por vezes específica a 
determinados habitas. Os organismos reflectem o sinal isotópico da teia trófica do habitat 
onde se alimentam, tornando possível identificar tais habitats e partições espaciais entre 
habitats de alimentação e de não alimentação. Para tal faz-se a comparação do sinal 
isotópico de possíveis fontes de alimento para os organismos em questão em diversos 
habitats e o sinal dos organismos nesses mesmos habitats. Este método fornece 
informação clara sobre a fonte de alimento efectivamente assimilada e não apenas 
consumida pelos organismos, tornando possível identificar de forma evidente a sua fonte 
de alimento e assim a sua origem. Por outro lado torna desnecessária a marcação externa 
dos organismos (método igualmente usado em estudos de movimento e migração), muitas 
vezes dificultada pelas pequenas dimensões das espécies e pela necessidade de recaptura 
dos mesmos. 
A amostragem do presente trabalho ocorreu no mês de Setembro de 2006. Foram 
capturados espécimes das quatro espécies de penaeideos, através de uma pequena rede de 
arrasto de fundo de 2 mm de malha rebocada por um pequeno barco, durante o período de 
maré vazante. As folhas de árvores de mangal, as ervas marinhas e as algas epífitas em 
raízes de mangal e nas lâminas de ervas marinhas foram colectadas manualmente sob os 
seus habitats respectivos e as restantes potenciais fontes de carbono primário, isto é, 
fontes de alimento (microalgas bentónicas, sedimento, isópodes e poliquetas) foram de 
igual modo colectadas manualmente em cada um dos habitats de cada uma das baías 
estudadas. As amostras de plâncton foram obtidas em cada um dos habitats estudados 
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(excluindo a floresta de mangal) fazendo uso uma rede de plâncton de 125 µm arrastada à 
superfície por um barco. As diferentes amostras colectadas foram colocadas em gelo logo 
após a colheita e posteriormente limpas e tratadas em laboratório conforme a metodologia 
definida para a análise de isótopos estáveis. Os espécimes de camarão das diferentes 
espécies foram ainda separados por seis classes de comprimentos de carapaça com 3 mm 
de intervalo. Foram preparados três replicados de cada uma das amostras de possíveis 
fontes de alimento dos diferentes habitats nas duas baías e de igual modo preparados três 
replicados de cada uma das amostras das espécies de camarão por tamanho e habitat nas 
duas baías. Estas amostras foram submetidas a análise de isótopos estáveis de carbono e 
azoto no laboratório do Departamento de Química Analítica da Universidade de Livre de 
Bruxelas. 
Quando comparadas estatisticamente as razões isotópicas de carbono e azoto das 
potenciais fontes de alimento e das espécies de penaeideos, estas apresentaram diferenças 
significativas (p < 0.05) entre si nos habitats onde foram capturados e colectadas bem 
como entre, de forma individualizada, cada fonte ou espécie de camarão nos diferentes 
habitas. Tornando possível discriminar os habitats entre si. Para o período de estudo não 
foi identificada, no geral para as quatro espécies de camarões penaeideos, qualquer 
variação ontogenética na sua dieta. 
Foram identificadas como prováveis principais fontes de carbono primário para as 
espécies de camarões penaeideos as algas epífitas nas ervas marinhas, microalgas 
bentónicas, sedimento do habitat de ervas marinhas, poliquetas e o plâncton. Porém à 
excepção do habitat de ervas marinhas, a proveniência das prováveis principais fontes de 
carbono não coincidiram com habitat de captura do camarão que apresentava o sinal 
isotópico da fonte, evidenciando assim conectividade entre os habitats costeiros de ambas 
as baías na Ilha da Inhaca. Na Baía do Saco da Inhaca o habitat de mangal apresentou 
uma interconexão biológica com os restantes habitats e em Sangala a interconexão foi 
entre o habitat de mangal e o substrato arenoso e também entre o substrato arenoso e o 
tapete de ervas marinhas. Tendo-se assim concluído que no Saco da Inhaca os habitats de 
alimentação das espécies de penaeideos são todos os habitats excluindo o habitat de 
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Abstract   
 
Mangroves and its adjacent coastal systems such as seagrass meadows, muddy and sandy 
habitats are well known as nurseries areas for numerous species, particularly penaeid 
shrimps, one of the most important fishery resources in the world. 
Spatial and temporal coastal habitat utilization by individuals of different species is often 
associated to the food availability and protection against predators that each habitat may 
provide. A better understanding on the coastal habitats use as refuge and feeding ground 
for a variety of species and their movement between and across habitats is extremely 
important to elucidate the connectivity between the habitats which therefore is extremely 
important information for the preparation of conservation and management plans of the 
fishery resources and their habitats. 
Making use of carbon and nitrogen stable isotope analysis, the present study, conducted 
at Inhaca Island (south of Mozambique) in two mangrove fringed bays (Saco and Sangala 
Bays), intended to investigate the biological connectivity within the mangrove and its 
adjacent coastal habitats (sand flat, mud flat and seagrass meadows) in terms of feeding 
areas for four of the most commercially important penaeid shrimps species in 
Mozambique (Metapenaeus monoceros, M. stebbingi, Marsupenaeus japonicus and 
Fenneropenaeus indicus). Different potential food sources (mangrove leaves, seagrass 
leaves, epiphytic algae on the mangrove roots and on seagrass leaves, benthic microalgae, 
plankton, polychaetes, isopods and sediment detritus) had been collected and analyzed 
for each habitat and compared to shrimp species carbon and nitrogen isotope ratio. 
Significant differences (p < 0.05) were observed on carbon and nitrogen isotope ratios 
among potential food sources in each habitat on both Saco and Sangala Bays (composing 
an important tool for habitat discrimination) and also observed for carbon and nitrogen 
isotope ratios between shrimp species among the different habitats. Mangrove and 
seagrasses do not seem to be a direct food source for penaeid shrimps at Saco and 
Sangala Bays, but the seagrasses epiphytic algae, benthic microalgae, sediment detritus, 
polychaetes and plankton are the most likely potential food sources. No ontogenetic 
dietary shifts were reported for the penaeid shrimp species on the present study. 
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It appears to exist a habitat connectivity related to feeding for all the shrimp species on 
both bays, which could be a result of tidal migration or even from a recent migration for a 
new habitat seeking for better protection. The mud and sand flat and the seagrass habitats 
are used as feeding area by shrimp species at Saco Bay and the sand flat and seagrass 
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The Context of the Study 
 
Coastal ecosystems such as mangrove forests, seagrass meadows, sand and mud flats are 
conspicuous features of many tropical nearshore systems which provide a variety of 
ecological and economic services, including shoreline protection, nutrient recycling and a 
highly productive fishery. These systems are often considered as nurseries areas for 
numerous species of fish and decapods particularly penaeid shrimps, one of the most 
important fishery resources in the world (Chong et al. 1990, Vance et al. 1996, Rönnbäck 
et al. 1999, Beck et al. 2003, Gillanders et al. 2003). The known relationship between 
mangrove swamps and adjacent coastal habitats and some exploited species is mainly 
based in studies that show high captures of juvenile and adults of fish and shrimp species 
near coastal habitats all over the world, e.g. Indonesia, Malaysia, Australia, Philippines 
and Equator (Marshall 1994 cited by Newell et al. 1995; Martosubroto and Naamin 1977, 
Gedney et al. 1982, Camacho and Bagarinao 1987 cited by Primavera 1996; Staples et al. 
1985; Turner, 1989 cited by Lee 1999, Chong 1996 cited by Chong et al. 2001). Besides 
being widely debated, the most accepted explanations for this relationship are the not 
mutually exclusive hypotheses of refuge (promotion of high survival rates due to the high 
abundance of substrates and their structural complexity) and food supply (high 
productivity) (Vance et al 1996). Vance et al (1996) and Rönnbäck et al (1999) 
emphasized the role of mangroves as refuge and Macia et al (2003) by an experimental 
study on the predation rate on Fenneropenaeus indicus and Metapenaeus monoceros, 
found evidence that could explain this mangrove refuge function. Many studies testing 
and supporting the food supply hypotheses, making use of different methods, have 
focused on the contribution of the mangrove and its adjacent habitats as providers of 
primary carbon sources for fish and shrimp (e.g. Rodelli et al 1984, Zieman et al 1984, 
Stoner and Zimmerman 1988, Primavera 1996, Dittle et al 1997, Chandra Mohan et al 
1997, Loneragan et al 1997, Chong et al 2001, Schwamborn et al 2002, Macia 2004), 
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evaluating the contribution role of mangrove detritus and seagrass on the nutrition of 
these organisms. 
Spatial and temporal coastal habitat utilization by individuals of different species is often 
associated to availability of suitable habitats and even related to size and age-specific 
preferences (Herzka, 2005), being always of major importance the food availability and 
protection against predators that each habitat may provide (de Freitas 1986; Dall et al. 
1990). A better understanding on the coastal habitats use as refuge and feeding ground 
for a variety of species and their movement between and across habitats is extremely 
important to elucidate the connectivity between the habitats (Herzka 2005). 
Connectivity can be defined as the rate of exchange of individuals of the same species 
among habitats (Polis et al. 1997 cited by Herzka 2005). Studies on connectivity of 
populations can include studies at the landscape level (Irlandi and Crawford 1997), 
among different stages of the life cycle (Guillanders et al. 1993, Cocheret de la Morinière 
et al. 2003) or even among individuals of the same species with different migration 
histories and with different patterns of habitat utilization (Fry et al. 2003, Nagelkerken 
and van de Velde 2004a, Nagelkerken and van de Velde 2004b, Jelbart et al. 2007). 
Coastal habitats biological connectivity is a necessary process for many species, due to 
being often interlinked through organisms (e.g. fish and shrimps) tidal migration imposed 
by tidal regimes (Sheaves 2005, Jelbart et al. 2007, Lugendo et al. 2006), besides the 
seasonal, ontogenetic (e.g. the migration from the sub-adults to the adult offshore 
habitats) or food-related progression among different habitats. Thus, mangrove forests 
and adjacent coastal habitats compose an “interconnected habitat mosaic” (Sheaves 
2005). 
Movement and connectivity studies can use a variety of methods, that can be intrinsic 
(related to the real nature of the organism) or extrinsic (dependent on external 
circumstances). Extrinsic methods are the remote sensing techniques, such as radio 
transmitters or satellite technology or individual tags like whole animal-staining, internal 
tags of coloured plastic, micro wire internal tags, streamer tags consisting of a ribbon of 
plastic threaded through the abdomen or even habitat specific parasites. Intrinsic methods 
consists of biological markers, such as morphological, behavioral and genetic variations 
and biogeochemical markers, namely micro- and trace elements concentrations and stable 
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isotopes (mainly carbon and nitrogen) (Dall et al. 1990, Gillanders et al. 2003, 
Rubenstein and Hobson 2004). 
Regarding the degree of coastal habitat usage as feeding habitats and habitat connectivity 
related to habitats used as feeding areas, some studies have been made, most of them 
concerning fish species. For instance Nagelkerken and van de Velde (2004a) studied the 
relative importance of mangrove and seagrass habitats as feeding habitats for four 
Caribbean reef fish species, and as a result they identified two different strategies (for the 
four species): i) the use of the mangrove during the day for shelter and feeding on 
mangroves and seagrass beds at night, and ii) shelter at night and feeding during daytime 
at the seagrass habitat. Similarly, Lugendo et al. (2006) studied the importance of 
mangroves, mud and sand flats and seagrasses beds as feeding grounds for juvenile fish 
in Zanzibar, Tanzania, and found that all habitats were used as feeding grounds by 
different species, and some species showed a connectivity in terms of feeding between 
different habitats; some species from mud and sand flats were feeding on the mangrove 
habitat and some species using seagrass beds showed evidences of using mud and sand 
flats as feeding habitats.  However, little has been made concerning other taxa, 
particularly penaeid shrimps (e.g. Loneragan et al. 1997), so important economically.  
Making use of the method of carbon and nitrogen stable isotope analysis, the present 
study intended to investigate the biological connectivity between the mangrove and 
adjacent coastal habitats (sand and mud flats and seagrass meadows) on two mangrove 
fringed bays at Inhaca Island, on the Mozambican coast, Sothern-East Africa, in terms of 
feeding areas for four of the locally most commercially important penaeid shrimps 
species. As animals acquire their stable isotopic composition from their diet and 
incorporate on their tissues, and because diets are often habitat specific, than changes in 
habitat are recorded as changes in tissues stable isotopes composition. This permits to 
identify and exclude specific habitats used as feeding grounds (Fry et al. 2003, Herzka 
2005). In the East African coast connectivity studies have focused on fish species, (e.g. 
Dorenbosch et al. 2006; Lugendo et al. 2006) in Zanzibar, Tanzania.  
A better understanding on the coastal habitats use as feeding ground for a variety of 
species is required for the conservation and management plans of the fishery resources 
and of their habitats (Rönnbäck et al. 1999). Developed in the context of the 
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TRANSMAP project, the present study provides refined information on trophic linkages 
between coastal habitats for penaeid shrimp species at Inhaca Island, South Mozambique. 
 
 
Stable Isotope Analysis: theory, terminology and applications 
 
A variety of chemical elements with biological importance may occur as different 
isotopes. Isotopes are atoms from the same element (i.e. same number of protons) that 
have a different number of neutrons. Isotopes from the same element present then a 
different mass (number mass = number of protons + number of neutrons) (Bouillon 
2003). Most elements exist in nature in both stable and non-stable forms (radioactive). 
Stable isotopes differ from the radioactive isotopes in that they do not decay with time 
(Savage 2000). The most common stable isotopes used in environmental studies are for 
example: 13C:12C (carbon) and 15N:14N (nitrogen) (Ehleringer and Rundal 1988), where 
13C and 15N are the heavy isotopes and 12C and 14N the light (Savage 2000). 
The isotope ratio is determined by a mass spectrometer that measures the ratio between 
the heavy and the light isotopes in a given sample and compares it against an universal 
standard, PeeDee Belemnite (PDB) for carbon and atmospheric nitrogen for nitrogen 
(Ehleringer and Rundal 1988, Lajtha and Michener 1994, Savage 2000, Chong et al. 
2001). The values are reported in delta (δ) units as parts per thousand (‰) and calculated 
according to the following equation:  
 
( )[ ] 1000/ tantan ×−= dardsdardssample XXXRδ   [‰] 
 
Where R is the isotopic ratio in delta units related to the standard, X is the absolute 
isotope ratio of the sample or standard (Savage 2000). The isotopic composition is 
expressed in relation the heavy isotope, where an increase in δR reflects an increase in the 
relative proportion of the heavy isotope, and the sample is than called enriched or heavy. 
A decrease in δR reflects a decrease in the relative proportion of the heavy isotope and 
the sample is than termed light or depleted (Savage 2000). 
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Many natural processes affect the natural relative abundance of stable isotopes. If the 
isotopic ratio of a reaction products differs from the isotopic ratio of the substrate than is 
said that a fractionation had occurred. Fractionation is an unequal portioning of the 
isotopes between the substrate and the products formed by a reaction (Lajtha and 
Michener 1994, Savage 2000). Fractionation is the base for the isotopic ratio natural 
variation in biological materials; making use of this tool is possible to determine the 
organic matter pathway on the ecosystems (Savage 2000).  
Stable isotopes are incorporated directly from diet into animal tissues, reflecting the 
actual assimilation of organic matter rather than merely what was consumed. There is a 
difference between diet and the animal isotopic ratio as result of the fractionation process 
along the trophic chain due to biochemical reactions, usually along of which isotopic 
discrimination occurs, resulting in a varying degree of trophic enrichment (around 1 for 
carbon and between 2 and 5 for nitrogen) (Peterson and Fry 1987; Savage 2000; 
Rubenstein and Hobson 2004). 
The use of the natural abundance of isotopes in ecological studies expanded on the last 
two decades (Lajtha and Michener 1994, McKechnie 2004) having the stable isotopes 
analysis emerged as a powerful ecological tool for dietary reconstruction, tracing source-
point contamination, definition of food web structure and trophic level, identification of 
habitats used as feeding grounds and animal movement (Savage 2000, McKechnie 2004, 
Rubenstein and Hobson 2004, Herzka 2005). 
 
The incorporation of dietary stable isotope signature into animal tissue and as the diet is 
usually habitat specific, makes possible the identification of a habitat used as feeding 
ground and changes in habitat used as feeding ground, tracking than movement between 
isotopically distinct food webs (Fry et al. 2003, McKechnie 2004, Herzka 2005). 
 
 
 Penaeid Shrimp 
 
Penaeid shrimps are decapods from the suborder Dendrobranchiata, family Penaeidae.  
They are one of the most diverse groups of organisms, being widely distributed in 
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tropical and subtropical areas inhabiting mainly shallow and inshore waters (Dall et al 
1990). Their distribution limit is around the latitudes 40o North and South, due to being 
predominantly tropical stenoterms, with few species surviving below a minimum of 15oC 
(Dall et al 1990). 
Distinguished from other shrimp-like (infra-order Caridea) and remainder Decapods, 
penaeid shrimps show the first three pairs of pereopods chelate and eyestalks without 
tubercle. The pleuron of the second abdominal somite overlaps the anterior portion of the 
third somite and the female releases eggs into the water, instead of caring the developing 




Figure 1. Penaeid shrimp morphology (adapted from Fisher et al. 1990)  
 
Penaeid shrimps show well developed secondary sexual structures, the petasma on the 
males (for spermatophore implantation) and the thelycum on the females (for reception) 
and many species become sexually mature within six months from spawning. Spending 
much of the day buried on the substrate, penaeid shrimps feed and are more active during 
the night (Dall et al. 1990). Food items fall in three categories: microbial and detrital 
material (e.g. benthic microalgae), plants (i.e. epiphytic algae on seagrass blades) and 
animal (i.e. zooplankton, polychaets) (Stoner and Zimmerman 1988, Primavera 1996, 
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Loneragan et al. 1997, Macia 2004a). Penaeids are not territorial, not occupying 
permanent burrows in the same place (Dall et al. 1990). 
With a high number of commercially important species, penaeid shrimps are one of the 
most important fishery resources in the world, both in terms of volume of catch and value 
per unit of catch (Rönnbäck 1999, Rönnbäck et al 2002). In Mozambique the total shrimp 
catch in 2005 was about 8520 tons, representing an income of around 68 million 
American Dollars (INE, 2008). Maputo bay shallow water fishery, alone, has produced in 
2006 around 965.8 t of shrimp (9.3% artisanal and 90.7% semi-industrial fisheries), 
where the genus Penaeus/Fenneropenaeus and Metapenaeus are the higher contributors 
to this fishery (IIP 2006). The life cycle of both referred shrimp genera begins usually 
with spawning at the sea, continuing with different larval stages in the plankton 
(nauplius, protozoe, mysis and post larvae). Post larvae are transported into inshore (i.e. 
mangroves, seagrasses) and estuarine waters, which are used as nursery grounds, where 
they develop into benthic juveniles followed by the sub-adult stage, starting than their 


















A positive relation between the near shore shrimp fishery and the mangrove areas is well 
documented for some species by several authors (i.e. Vance et al. 1990; Staples et al. 
1985), being this relation attributed to the nursery functions of mangroves conferring 
high levels of food availability and protection against predators.  
According to Dall et al. (1990) at least 22 penaeid shrimp species occur in the East 
African coast. There is a total of twelve species of commercial interest in Mozambique 
and six main species compose the captures of the small scale fisheries in Maputo Bay i.e. 
Fenneropenaeus indicus (H. Milne Edwards, 1837), Penaeus semisulcatus (De Haan, 
1844), Penaeus monodon (Fabricius, 1798), Marsupenaeus japonicus (Bate, 1888), 
Metapenaeus monoceros (Fabricius, 1798) and Metapenaeus stebbingi (Nobili, 1904). 
All the six species can be found on the mangrove fringed bays of Inhaca Island, 
(Abdurremane 1998, Inácio 2002, Macia 2004b), but on the present study only four 
species where studied (Fenneropenaeus indicus, Marsupenaeus japonicus, Metapenaeus 
monoceros and M. stebbingi), being well distributed over the different habitats on the 
study area (Inácio 2002, Macia 2004b). Besides their distribution over different habitats, 
each species is usually highly associated to a specific habitat (de Freitas 1986; Dall et al. 
1990; Macia 2004b) (Table 1). According to Macia (2004b) the difference on the habitat 
specific preference emphasizes the spatial portioning that reduces species competition for 
space and food. 
Along the years juvenile of penaeid from Inhaca Island mangrove fringed bays have been 
subjected to a variety of studies: distribution and abundance (Abdurremane 1998), 
diversity (Inácio 2002), habitat preference (Rönnbäck et al. 2002, Cassamo 2005), 
predation (Macia et al. 2003), primary food source (de Abreu, 2003, Macia 2004a), 











Table 1. Images and specific habitats for Fenneropenaeus indicus, Marsupenaeus 
japonicus, Metapenaeus monoceros and M. stebbingi. 
 


















Sand and mud flats 
 









 Inhaca Island 
 
Inhaca Island (42 km2) is a small, distorted H-shaped island, around 12.5 km long and 7 
km wide. Is situated on the southern Mozambican coast (26°S, 33°E), north of 
Machangulo Península, 32 km East from Maputo City (capital of Mozambique). The 
island is separated from land by a narrow and deep strait (Ponta Torres Strait), less than a 
kilometre wide. Together with the Machangulo Península, the island separates Maputo 
Bay from the Indian Ocean, forming the end of the eastern boundary of this large and 
complex estuarine bay. Three shores of the island are sheltered by the bay and only the 
east shore is exposed to the strong wave action and winds of the Indian Ocean (Kalk 
















Figure 3. Map showing the localization of Inhaca Island and Saco and Sangala Bays 
(adapted from Paula et al. 2004) 
 
The island is located in a transitional region of tropical to warm subtropical climate (Kalk 
1995) characterized by hot and rainy summers (November-April) and cold and dry 
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winters (May-October). The mean air temperature is around 23 °C and the total rainfall, 
884 mm (de Boer 2000). Tides are semi-diurnal, having a maximum spring tidal range of 
3.9 m (de Boer and Longamane 1996). An extensive description of the fauna, flora and 
ecology of the island can be found in Macnae and Kalk (1969) and Kalk (1995). 
The island intertidal areas are larger than the land area, occupying around 60 km2. The 
different slopes and characteristics of the shores and the varying degrees of shelter 
provide a large number of different habitats (Kalk 1995), from large extensions of sand 
and mud flats to seagrass beds, coral reefs and mangrove forests (Macia 2004b). The 
mangrove forests cover 308 ha, equivalent to 7% of the total land area of the island (Kalk 
1995). Major mangrove forests are located on Sangala and Saco Bay. Avicennia marina 
is the most common species of mangrove tree in the seaward of both bays, followed by 
Ceriops tagal and Bruguiera gymnorhiza. Rhizophora mucronata lines the creeks and 
channels (Kalk 1995, de Boer 2000).  
Sangala Bay is located on the North of Inhaca Island and is sheltered from the open sea 
by the northern projection of the island and the Portuguese Island (Figure 3). The bay 
intertidal area covers 18 km2. Adjacent to the mangrove fringing forest can be seen sand 
flats and the larger and more luxuriant meadow of seagrass in the island (Kalk 1995). 
According to the literature the Sangala bay seagrass meadow is composed mainly by the 
associations of Halodule wrightii and Thalassia hemprichii, and Thalassodendron 
ciliatum and Cymodocea serratula (Bandeira 2002). 
Saco Bay is a semi-enclosed bay located on the South of Inhaca Island (Figure 3). During 
spring low tides the area becomes almost totally exposed and covers an area of 15.4 km2 
(de Boer and Longamane 1996, de Boer 2000). The bay comprises many closely related 
adjacent habitats; mangroves, sand flats, mud flats (on the central part of the bay) and 
seagrass meadows (on the tidal channels) (Boer et al. 2000). According to Bandeira 
(2002), the association of Halodule wrightii and Thalassia hemprichii, as well as mostly 
monospecific meadows of Cymodocea serrulata and Nanozostera capensis are the main 
seagrass species reported in the area. An extensive description of the classification of 
Saco Bay habitats (substrate type) can be found in de Boer et al. (2000). 
The sampling and field assessment took place on these two mangrove fringed bays, on 
the mangrove, sand flat and seagrass habitats, and also on the mud flat habitat at Saco. 
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Along the years many studies related to mangrove flora, fauna and ecology (e.g. de Boer 
2000, Rönnbäck et al. 2002, Macia 2004b, Paula et al. 2004, Litulo 2005, among many 
others) have been carried out on this bays, although none has focused on the 
interconnection between the habitats, related to trophic issues of any organism, from 





TRANSMAP is the acronym to “Transboundary networks of marine protected areas for 
integrated conservation and sustainable development: biophysical, socio-economic and 
governance assessment in East Africa”, a project funded by the European Union (EU), 
and with the objective to develop scientific basis for the establishment of transboundary 
networks of marine protected areas (MPA’s) along the East African coast. The project 
focuses particularly on the definition of type, size and location of single reserves that 
together are capable of maintaining the ecological function, sustainable use of resources 
and expected future socio-economic development. The defined transboundary areas on 
the project (i.e. on the South, South Africa - Mozambique and on the Northern, 
Mozambique – Tanzania), are important biogeographical unites with unique assemblages, 
from coral reefs, mangroves and seagrass meadows to coastal dunes and estuarine 
lagoons.  
The project counted with a multidisciplinary team of researchers from Portugal, Sweden, 
England, Mozambique, South Africa and Tanzania, performing governance, socio-
economic and biophysical assessments and studies. These three fields of knowledge are 
recognized requirements for a multidisciplinary approach to the appropriate design of 
MPA’s that congregate both natural heritage and human dimension. 
On the biophysical assessments/studies, a specific module for studying connectivity was 
developed. This component had the main objective of assessing the connectivity potential 
between reserve units to create, which are of fragmented nature. The present study has 
been added on as a valuable adjunct to this work-package, providing fine-scale 
information on trophic linkages between coastal habitats for economically important 
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penaeid shrimp species in the southern TRANSMAP area in Mozambique, and this way 
providing further information on the connectivity between coastal habitats (mangrove, 
sand and mud flats and seagrass meadows). 
 
 




Investigate the biological connectivity between the mangrove and adjacent coastal 
habitats (sand and mud flats and seagrass meadows) in terms of feeding areas for four 




• Identify the main potential food sources to the studied peaneid shrimp species on 
the study areas. 
 
• Identify the origin of the main potential food sources to the studied peaneid 
shrimp species. 
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Connectivity between tropical coastal habitats: 
using stable isotopes in juvenile penaeid shrimps 
and potential food sources 
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Connectivity between tropical coastal habitats: using stable isotopes in 




Making use of carbon and nitrogen stable isotope analysis, the biological connectivity 
within the mangrove and its adjacent coastal habitats (sand flat, mud flat and seagrass 
meadows) in terms of feeding areas, was investigate on Saco and Sangala Bays (Inhaca 
Island, Mozambique, Sothern-East Africa) for four of the most commercially important 
penaeid shrimps species in Mozambique (Metapenaeus monoceros, M. stebbingi, 
Penaeus japonicus and Fenneropenaeus indicus). Each of the potential food sources has 
been analyzed for each habitat and compared to the shrimp species carbon and nitrogen 
isotope ratio. Significant differences (p < 0.05) were observed on carbon and nitrogen 
isotope ratios among potential food sources in each habitat on both Saco and Sangala 
Bays (being an important tool for habitat discrimination) and also observed for carbon 
and nitrogen isotope ratios between shrimp species among the different habitats. 
Mangrove and seagrasses do not seem to be a direct food source for penaeid shrimps at 
Saco and Sangala Bays, but the seagrasses epiphytic algae, benthic microalgae, sediment, 
polychaets and plankton are the most likely potential food sources. It appears to exist a 
habitat connectivity related to feeding for all the shrimp species on both bays, which 
could be a result of tidal migration or even from a recent migration for a new habitat 
seeking for better protection. The mud and sand flat and the seagrass habitats are used as 
feeding area by shrimp species at Saco Bay and the sand flat and seagrass habitats are 
used as feeding areas at Sangala Bay. The possibility to identify feeding grounds is a 
fundamental tool for the conservation of the resource and their habitat. No ontogenetic 






Mangroves and its adjacent coastal systems such as seagrass meadows, muddy and sandy 
habitats are well known as nurseries areas for numerous species of fish and decapods 
particularly penaeid shrimps, one of the most important fishery resources in the world 
(Chong et al. 1990; Vance et al. 1996; Rönnbäck et al. 1999; Gillanders et al. 2003). 
Different species utilize these habitats often associated to specific size and age population 
structure. Abundance and movements between habitats are also related to the availability 
of suitable habitats (Herzka 2005), being of major importance the food sources and the 
protection against predators that each habitat may provide (de Freitas 1986; Dall et al. 
1990).  
In areas where mangrove habitats are continuously available due to small tidal range, 
remaining flooded for much of the year, some species move among habitats for feeding, 
reproduction and age-specific habitat use (Nagelkerken et al. 2001). In areas were the 
tidal range is high, mangrove habitats are not continuously available and species that use 
the mangrove as feeding ground and/or as refuge must find alternative adjacent habitats 
to feed and to protect while the mangrove is unavailable (Sheaves 2005). Due to this fact, 
according to Sheaves (2005), any advantage of using the mangrove has to be set in the 
context of connectivity with other habitats, being the mangroves considered a part of an 
“interconnected habitat mosaic”.  
In the present context connectivity can be defined as the rate of exchange of individuals 
of the same species among spatial units (Herzka 2005)  and also may specifically refer to 
the dependence of different organisms production and population dynamics on dispersal 
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and migration among multiple habitats (Secor and Rooker 2005). It is thus important to 
assess the relationship between species and the range of habitat they exploit to understand 
the distribution patterns (Sheaves 2005). Carbon and nitrogen stable isotope ratios (δ13C e 
δ15N) of species soft tissues have been used to examine the movement between habitats. 
Stable isotopes are natural markers (Savage 2000; Gillanders et al. 2003; Herzka 2005) 
and this approach is based on the assumption that stable isotopic signatures exhibited by 
animals generally are a mirror of the isotopic composition of their diet (Savage 2000), 
transporting with them the signature from the food web they belong (Herzka 2005), 
relying on isotopic variation of different areas (Gillanders et al. 2003). Then, stable 
isotope analysis can also be used to identify and exclude specific areas used as feeding 
grounds, comparing species isotopic composition with local primary food sources and 
possible preys (Herzka 2005).  
Four main species of penaeid shrimps occur in shallow waters of southern Mozambique: 
Marsupenaeus japonicus (Bate), Metapenaeus monoceros (Fabricius), Metapenaeus 
stebbingi (Nobili) and Fenneropenaeus indicus (H. Milne Edwards). According to Macia 
(2004a) that studied penaeid shrimp density, spatial distribution and size composition in 
Saco Bay, the four species distribute over the different habitats (mangrove, sand, mud 
flats and seagrass meadows), but each species is usually associated to a specific habitat 
(de Freitas 1986; Dall et al. 1990). Fenneropenaeus indicus prefers muddy areas in 
mangrove swamps (de Freitas 1986; Dall et al. 1990), M. japonicus and Metapenaeus 
stebbingi dominate the catches in sand flats and M. monoceros in mud flats (de Freitas 
1986; Dall et al. 1990; Macia 2004a). Several authors, using the stable isotope analysis, 
defined plankton as possible primary carbon sources to penaeid shrimp species 
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(Primavera 1996; Macia 2004b), polychaetes (Stoner and Zimmerman 1988), mangrove 
leaves (Rodelli et al. 1984; Chong et al. 2001), seagrasses, epiphytic algae (Zieman et al. 
1984; Loneragan et al. 1997), benthic microalgae (Stoner e Zimmerman 1988) and 
sediment (organic matter) (Zieman et al. 1984; Loneragan et al. 1997). Understanding the 
linkage between the areas used by penaeid shrimps is fundamental for the conservation of 
the resource and of their habitat.  
Using carbon and nitrogen stable isotope analysis, the present study intent to investigate 
the biological connectivity within the mangrove and its adjacent coastal habitats (sand 
flat, mud flat and seagrass meadows) on Saco and Sangala Bay (Inhaca Island, 
Mozambique, Sothern-East Africa) in terms of feeding areas for four of the most 
commercially important penaeid shrimps species in Mozambique. Each of the potential 
food sources has been analyzed for each habitat and compared to the shrimp species 
carbon and nitrogen signals. 
 
Materials and Methods 
Study Area 
Inhaca Island (42 km2) is situated on the southern Mozambican coast (26°S, 33°E), 32 
km East from Maputo City (Figure 1). The island is located in a transitional region of 
tropical to warm subtropical climate (Kalk 1995) characterized by hot and rainy summers 
(November-April) and by a cold and dry winters (May-Octuber) (de Boer 2000). Tides 
are semi-diurnal, having a maximum spring tidal range of 3.9 m (de Boer and Longamane 
1996). An extensive description of the fauna, flora and ecology of the island can be found 
in Macnae and Kalk (1969) and Kalk (1995). 
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The study was conducted in different habitats on the mangrove fringed bays located at the 




Figure 1. Map of Inhaca Island showing Saco and Sangala Bays (adapted from Paula et 
al. 2004) 
 
The intertidal areas cover 18 km2 and 15.4 km2 for Sangala Bay and Saco respectively 
(Kalk 1995; de Boer 2000). Both bays have adjacent to the mangrove fringing forest a 
sand flat and a seagrass meadow. At Saco Bay a mud flat habitat is also present, located 
in the central part of the bay, in between the sand flat and seagrass meadow. Avicennia 
marina is the most common species of mangrove tree in the seaward of both bays, 
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followed by Ceriops tagal and Bruguiera gymnorhiza. Rhizophora mucronata lines the 
creeks and channels (Kalk 1995; de Boer 2000). According to the literature the Sangala 
bay seagrass meadows are composed mainly by the associations of Halodule wrightii and 
Thalassia hemprichii, and Thalassodendron ciliatum and Cymodocea serratula. At Saco 
Bay, the associationof Halodule wrightii and Thalassia hemprichii, as well as mostly 
monospecific meadows of Cymodocea serrulata and Nanozostera capensis are the main 
seagrass species reported in the area (Bandeira, 2002). 
 
Sample collection 
Sampling was conducted on the four main habitat types at Saco Bay: (1) mangrove forest, 
(2) intertidal sand flat adjacent to the mangrove fringe, (3) intertidal mudflat on the 
central part of the bay, (4) on the seagrass meadows in the subtidal channel. At Sangala 
Bay: (1) mangrove forest, (2) intertidal sand flat adjacent to the mangrove fringe, (3) on 
the seagrass meadows also adjacent to the mangrove fringe. 
Four shrimp species (Marsupenaeus japonicus, Metapenaeus monoceros, Metapenaeus 
stebbingi and Fenneropenaeus indicus), primary producers (mangrove leaves, seagrass 
leaves, epiphytic algae on the mangrove roots and on seagrass leaves, benthic 
microalgae), plankton (seston), polychaets, isopods and sediment detritus were collected 
from the habitats on the two bays in September 2006. Mangrove leaves (brown senescent 
leaves from the mangrove forest floor) and seagrasses were collected by hand and 
epiphytic algae (from A. marina and R. mucronata roots and from C. serrulata, H. 
uninervis and H. wrigthii blades), by gently scraping them off with a forceps. The 
conspicuous layer of benthic microalgae was collected by gently scraping them off the 
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sediment surface (Bouillon et al., 2002), where they form a conspicuous layer. Plankton 
sampling was made by towing a 125 μm net over each habitat.  Polychaetes collection 
was made by sieving with a 15 cm Ø corer (20 cm deep) in a 1mm mesh size. Bottom 
sediment samples were taken by using three small plastic tubes (1cm Ø, 3 cm long), 
introduced into the sediment 0.5 cm deep. Shrimp and isopod’s (only for seagrass 
meadows) were collected by a beam trawl (1 x 0.5 m mouth with 2 mm mesh) towed by a 
small boat (outboard engine). Inside the mangrove forest shrimp collection was made by 
means of a small seine net (1 mm mesh). 
All samples were immediately stored in a cool box with ice and transported to the Inhaca 
Island Marine Biological Station where were kept in a deep freezer. The frozen samples 
were later transported to the ecology laboratory at the Department of Biological Sciences 
of Eduardo Mondlane University in Maputo for subsequent treatment.  
  
Sample preparation 
Mangrove leaves, seagrasses (free of epiphytes), epiphytes and isopods were cleaned and 
rinsed with distilled water to remove detritus and oven dried at 70 °C for seven days. 
Plankton samples were decanted for 24 hours and the excess of water removed. The 
samples were oven dried at 70 °C for seven days. The benthic microalgae were washed 
through a 125 μm and a 45 μm filters with distilled water and were oven dried at 70 °C 
for 3 days. Polychaetes were left for 24 hours in filtered seawater to clear their guts 
before being cleaned and rinsed with distilled water and than oven dried at 70 °C for 7 
days. All sediment samples were oven dried at 70 °C for 7 days. 
30 
 
The shrimps were identified and carapace length (CL) measured. Shrimps were grouped 
in six size classes (3 mm interval) according to Stoner and Zimmerman (1998). Mid guts 
were removed from the abdominal muscle tissue as well as shrimp shell. The muscle was 
rinsed with distilled water and oven dried at 70 °C for 7 days. 
 
Stable isotope analysis 
All samples were ground in to a fine powder with a pestle and subsamples for δ13C 
analysis, of seagrasses, epiphytes, plankton and sediment were digested in HCl (5%), to 
remove possible carbonates and were redried at 50 °C for 24 hours. 
Samples were analysed on the Isotopes Laboratory from the Analytical Chemistry 
Department of Vrije Universiteit Brussel, Brussels, Belgium, where the isotopic signature 
was determined using EA-IRMS (Thermo Flash EA 1112 and a Delta Plus XL) and 
expressed relative to the conventional standards, i.e. PDB limestone for carbon and 
atmospheric N2 for nitrogen (Savage, 2000) as  δ values defined as:  
 
( )[ ] 1000/ tantan ×−= dardsdardssample XXXRδ   [‰] 
 
Where R= 13C or 15N; X=13C/12C or 15N/14N (Savage, 2000). Internal reference materials 
used were sucrose (IAEA-C6) for 13C and ammonium sulphate (IAEA-N1) for 15N. 
 
Data analysis 
Statistical analysis were performed to test if all shrimp species feed on the same sources, 
to compare δ 13C and δ 15N of shrimp species in different habitats and to analyse 
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differences between shrimps size classes. If the assumptions of normality (using Shapiro-
Wilks-test) and homocedasticity (using Leven’s test) were met, parametric approaches 
(T-test and one and three-way ANOVA) were used, if not, non-parametric tests (U-test 
and Kruskal-Wallis test) were performed (Zar 1999). 
Before analyzing, δ 13C and δ 15N of shrimps, differences in both isotopes between all 
types of sources and between each source in the four habitats (excluding the mangrove 
leaves, epiphytic algae on pneumatophores and saegrass blades), have been compared 
using parametric (T-test and one and three-way ANOVA) and non-parametric (U-test and 
Kruskal-Wallis test) approaches (Zar 1999), to have the perception of sources signal 
discrimination within and between the habitats. 
The premise that stable isotope ratios in animals reflect those of their diet, with an 
average of 1‰ carbon enrichment and between 2 and 5‰ for nitrogen enrichment 
(Peterson and Fry 1987; Savage 2000), was used to analyze the potential food sources to 





The senescent mangrove leaves collected from the four mangrove species at both areas 
showed a small range of δ13C and δ15N ratios with, respectively, slightly lower and higher 
values at Saco when compared to Sangala (Table 1). Beside mangrove leaves, 
pneumatophores epiphytic algae’s, were the more depleted δ13C values found in the study 
period for both study areas, but δ15N values were lower than those for mangroves (Table 
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1). The seagrasses species analysed for both areas didn’t differ greatly on their δ13C 
values, being the more enriched values on the study period and also the more depleted for 
δ15N ratios (Table 1). Epiphytic algae’s on the seagrasses presented depleted δ13C values 
and enriched δ15N ratios compared to the seagrasses (Table 1).  
 
Table 1. Carbon and nitrogen stable isotope ratios for mangrove species, seagrasses and 
epiphytic algae collected at Saco and Sangala Bays, Inhaca Island (Mean ± SE). 5 
laves/blades per replicates; 3 replicates per sample. 
 
Sources Species/ Substrate Saco Sangala 
  δ13C δ15N δ13C δ15N 
Mangrove  A. marina -29.0 ± 0.4 8.3 ± 0.6 -27.9 ± 0.0 5.3 ± 0.2 
 R. mucronata -27.4 ± 0.1 9.5 ± 2.0 -27.4 ± 0.1 6.8 ± 0.9 
 C. tagal -28.2 ± 0.5 11.8 ± 1.0 -28.7 ± 0.3 4.1 ± 0.5 
 B. gymnorrhiza -28.3 ± 0.2 8.9 ± 0.4 -27.3 ± 0.1 6.5 ± 0.4 
 Mean -28.2 ± 0.3 9.6 ± 0.8 -27.9 ± 0.3 5.7 ± 0.6 
      
Seagrasses C. serrulata -10.9 ± 0.1 0.2 ± 0.1   
 C. rotundata   -7.8 ± 0.1 0.7 ± 0.1 
 H. wrightii -11.5 ± 0.0 -3.2 ± 0.2 -8.8 ± 0.1 -2.6 ± 0.3 
 H. uninervis -11.2 ± 0.1 0.8 ± 0.1   
 T. hemprichii   -8.2 ± 0.1 1.8 ± 0.1 
 Mean -11.2 ± 0.2 -0.7 ± 1.3 -8.3 ± 0.3 -0.0 ± 1.3 
      
Epiphytic algae mangrove roots -26.6 ± 2.6 2.4 ± 0.2 -28.0 -0.1 
 seagrasses -16.6 ± 0.7 5.4 ± 0.2   
 
 
Carbon isotope ratios of benthic microalgae were much more enriched for Sangala Bay. 
The benthic microalgae samples collected on the mangrove habitat presented more 
depleted δ13C ratio for both areas. Benthic microalgae δ13C and δ15N ratios at Saco 
showed significant differences among habitats (for δ15N, H (2, N = 8) = 6.25, p < 0.05, 
and for δ13C, F2, 0.05 = 161.86, p < 0.01). At Sangala only δ13C ratio showed significant 
differences among habitats (δ13C, H (2, N = 8) = 6.25, p < 0.05) (Table 2). Plankton 
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(seston) samples for δ13C ratios were similar in magnitude among areas. Plankton δ13C 
and δ15N ratios at Saco showed significant differences among habitats (for δ15N, F2, 0.05 = 
14.33, p < 0.01 and for δ13C, H (2, N = 9) = 7.20, p < 0.05) (Table 2). Carbon and 
nitrogen stable isotope ratios of the sediment were significantly different (p < 0.05) 
between the habitats on the two bays (Table 2).  The δ13C ratios of sediment on the 
mangrove habitat were considerably depleted showing the influence of mangrove detritus 
on this habitat. Like sediment, polychaetes showed δ13C ratios significantly different (p < 
0.05) between habitats on both bays, showing a much depleted values for samples 
collected on the mangrove habitat (Table 2). The isopods, only sampled on the seagrasses 
habitat, presented enriched δ13C and δ15N ratios.  
Kruskall-Wallis ANOVA and one-way ANOVA showed significant differences (p < 
0.05) between carbon and nitrogen signals among the potential sources in each habitat on 
both Saco and Sangala bays. 
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Table 2. Mean Carbon and nitrogen isotopes ratios and probability levels of statistical testes comparing food sources (excluding 
mangrove species, seagrasses and the epiphytic algae) and penaeid shrimp species among habitats at Saco and Sangala bays, Inhaca 
Island. Tests performed: 1 One-way ANOVA, 2 Krushkal-Wallis, 3 T-test, 4 U-test; p-value on bold are significant; * values not use on 
the tests. 
 Saco Bay     Sangala Bay    
Source/Species Mangrove Sand flat Mud flat Seagrasses p Mangrove Sand flat Seagrasses p 
δ13C          
B. microalgae -19.6 ± 0.2 -17.9 ± 0.1 -16.5 ± 0.3 - 0.00001 -21.3 ± 0.1 -14.7 ± 0.0 -12.2 ± 0.2 0.04392 
Plankton - -15.3 ± 0.1 -19.1 ± 0.2 -18.1 ± 0.1 0.02732 - -18.4 ± 0.0 -16.6 ± 0.9 0.25143 
Sediment -22.6 ± 0.2 -20.5 ± 1.2 -18.3 ± 0.1 -16.0 ± 0.3 0.01881 -24.0 ± 0.3 -14.3 ± 0.3 -16.0 ± 0.2 0.00011 
Polychaets -23.8 ± 0.8 -20.1 ± 0.1 -15.7 ± 0.6 -13.9 ± 0.0 0.01562 -18.7 ± 0.2 -12.2 ± 0.0 -11.3 ± 0.5 0.04392 
          
M. japonicus -14.0* -15.8 ± 0.5 -13.3 ± 0.4 -13.5 ± 0.2 0.00032 - -11.0 ± 0.2 -12.0 ± 0.5 0.52544 
M. monoceros -15.0 ± 0.4 -16.0 ± 0.4 -13.5 ± 0.2 -14.7 ± 0.4 0.00102 -14.0 ± 1.5 - -  
M. stebbingi -12.6* -13.0 ± 0.6 -13.1 ± 0.2 -12.0 ± 0.1 0.03192 - -10.1 ± 0.5 -13.3 ± 2.6  
F. indicus -15.8 ± 4.3 - - -  -17.0 ± 0.8 - -  
          
δ15N          
B. microalgae 5.8 ± 0.1 9.0 ± 0.0 11.7 ± 1.0 - 0.04392 5.7 ± 0.1 5.5 ± 0.1 8.7 ± 3.1 0.24942 
Plankton - 3.9 ± 0.1 4.2 ± 0.1 4.4 ± 0.1 0.00511 - 5.0 ± 0.3 4.8 ± 0.4 0.73463 
Sediment 4.6 ± 0.2 2.8 ± 0.2 3.4 ± 0.2 2.4 ± 0.6 0.00642 2.5 ± 0.2 1.9 ± 0.2 0.8 ± 0.5 0.02281 
Polychaets 5.5 ± 0.9 5.0 ± 0.1 5.5 ± 0.7 5.4 ± 0.6 0.92111 5.1 ± 0.3 6.7 ± 0.2 4.7 ± 1.2 0.32101 
          
M. japonicus 5.7* 6.1 ± 0.1 5.8 ± 0.1 6.0 ± 0.1 0.12792 - 5.0 ± 0.1 5.4 ± 0.1 0.00143 
M. monoceros 6.1 ± 0.1 6.0 ± 0.1 6.3 ± 0.1 5.6 ± 0.1 0.00132 5.7 ± 0.5 - -  
M. stebbingi 5.5* 5.6 ± 0.1 5.6 ± 0.1 5.6 ± 0.1 0.95251 - 5.0 ± 0.1 5.3 ± 0.2  




 Penaeid shrimps 
Shrimp species presented a wide range of δ13C values (Table 2). The variability of δ15N 
ratios was low for all species (Table 2). Significant differences were observed for carbon 
and nitrogen isotope ratio between shrimp species among the different habitats, besides 
on the mud flat habitat, F2,0.05 = 0.4147, p = 0.6697 and F2,0.05 = 1.688, p = 0.2260 
respectively, and for δ15N values (F2,0.05 = 0.4420, p = 0.6507) on the seagrasses habitat 
in Saco Bay. For Sangala Bay, δ13C and δ15N values were compared only for M. 
japonicus and M. stebbingi (for the sand flat habitat), and no significant differences were 
seen respectively for both isotopes ratios, (U = 8.00, p = 0.3472) and (t 4,0.05 = - 0.2027, p 
= 0.8444). Fenneropenaeus indicus was left out of the analysis due to had only been 
captured on the mangrove habitat on both areas. 
In Saco Bay, for the shrimp species M. japonicus, M. monoceros and M. stebbingi, the 
carbon isotope ratios showed significant differences between the habitats they occurred, 
and M. monoceros was the only specie showing significant differences on δ15N ratios 
between habitats (Table 2). In Sangala, only M. japonicus was analysed for differences 
between habitats, and significant differences were observed for the δ15N while δ13C ratios 
did not show any difference (Table 2).  
It was not possible to collect all size classes for the four shrimp species in all the habitats, 
but δ13C and δ15N values of different size classes captured in each habitat did not differ 
significantly (p > 0.05) for all shrimp species, except for M. monoceros δ15N values on 
the sand flat [ H (3, N = 11) = 7.9545, p = 0.0470] and δ13C values on the seagrasses 
habitat (F3,0.05 = 8.9400, p = 0.0062) and for M. japonicus δ15N values on the sand flat [ H 
(4, N = 15) = 10.1667, p = 0.0377]. 
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Analysing the dual plots of δ13C and δ15N was possible to see that the most probable food 
sources did not usually occurred at the same habitat as respective shrimp species (Figures 
2 and 3). There are evidences that mangrove habitat does not provide the primary carbon 
source to the four species. The potential sources to most of the shrimp collected on the 
different habitats at Saco Bay seem to be provided by the seagrass habitat. Apart from 
evident contribution of food sources from the seagrasses, some species seem to also use 
the sand and mud flats as feeding areas. Seagrasses epiphytic algae, polychaetes and 
sediment from the seagrass habitat are in general the main food sources to M. japonicus 
(Figure 2a). Metapenaeus monoceros with a more diverse diet, beside the epiphytic algae, 
polychaetes and sediment from the segrass habitat, feed also on the mud flat polychaetes 
and plankton from the sand flat (Figure 2b). On the seagrass habitat, due to the fact that 
this species presents a different δ13C value according to size, seagrass polychaetes seams 
to be the potential food source for the two fist size classes, mud flat polychaetes and sand 
flat plankton seem to be the food sources for specimens between 11 to 14 mm CL, and 
seagrass epiphytes and benthic microalgae from the mud flat are probably the main 
carbon sources to 15 to 18 mm CL (see Tables 2 and 3).  
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Table 3. Carbon and nitrogen stable isotope ratios for penaeid shrimps collected on Saco 
and Sangala Bay habitats, Inhaca Island (Mean ± SE); CL - carapace length; number 
within parenthesis indicate number of individuals pooled for sample - ( ) Saco, ( ) 
Sangala; number of replicates: 1 to 3 
 
   Saco  Sangala  
Species CL Habitat δ13C δ15N δ13C δ15N 
Fenneropenaeus indicus  (10) ≤ 6 Mangrove   -16.1 ± 0.1 5.9 ± 0.0 
 (6) 11 - 14 Mangrove -15.8 ± 4.3 6.5 ± 0.1 -17.8 ± 1.5 6.1 ± 0.3 
Metapenaeus monoceros (7) ≤ 6 Mangrove -15.7 ± 0.5 5.9 ± 0.1   
(5), (1) 7 – 10 Mangrove -16.0 ± 0.4 6.1 ± 0.1 -12.5 5.2 
(5), (1) 11 – 14 Mangrove -14.1 ± 0.7 6.3 ± 0.1 -15.6 6.2 
Metapenaeus stebbingi (1) 7 – 10 Mangrove -12.6 5.5   
Marsupenaeus japonicus (1) ≤ 6 Mangrove -14.0 5.7   
M. monoceros (10) ≤ 6 Sand flat -15.0 ± 0.3 5.6 ± 0.0   
(5) 7 – 10 Sand flat -15.8 ± 0.7 5.8 ± 0.1   
(5) 11 – 14 Sand flat -17.2 ± 0.1 6.2 ± 0.1   
(1) 15 – 18 Sand flat -15.9 ± 1.9 6.6 ± 0.4   
M. stebbingi (5), (5) 7 – 10 Sand flat -13.1 ± 0.8 5.6 ± 0.1 -9.7 ± 0.7 4.8 ± 0.2 
(5), (5) 11 – 14 Sand flat -13.1 ± 0.3 5.5 ± 0.1 -10.5 ± 0.6 5.1 ± 0.0 
(1) 15 – 18 Sand flat -12.0 5.9   
M.  japonicus (10), (10) ≤ 6 Sand flat -16.1 ± 1.5 6.0 ± 0.2 -11.4 ± 0.1 4.8 ± 0.0 
(5), (5) 7 – 10 Sand flat -16.9 ± 0.8 6.1 ± 0.1 -10.7 ± 0.1 4.7± 0.0 
(5), (5) 11 – 14 Sand flat -15.3 ± 0.0 6.2 ± 0.0 -10.8 ± 0.2 5.2 ± 0.0 
(1), (5) 15 – 18 Sand flat -14.6 ± 0.8 6.2 ± 0.1 -10.6 ± 0.2 5.0 ± 0.1 
(1)  19 - 20 Sand flat   -11.0 ± 0.9 5.1 ± 0.1 
M. monoceros (10) ≤ 6 Mud flat -13.4 ± 0.1 6.5 ± 0.6   
(5) 7 – 10 Mud flat -14.0 ± 0.7 5.7 ± 0.1   
(5) 11 – 14 Mud flat -13.9 ± 0.3 6.1 ± 0.1   
(1) 15 – 18 Mud flat -13.0 ± 0.3 6.6 ± 0.1   
(1) 19 – 20 Mud flat -13.1 6.7   
M. stebbingi (5) 7 – 10 Mud flat -13.4 ± 0.2 5.8 ± 0.0   
(5) 11 – 14 Mud flat -12.9 ± 0.4 5.4 ± 0.2   
M.  japonicus (9) ≤ 6 Mud flat -12.4 ± 0.7 5.7 ± 0.3   
(6) 7 – 10 Mud flat -13.8 ± 1.4 6.0 ± 0.3   
(1) 11 – 14 Mud flat -14.0 ± 0.9 5.9 ± 0.3   
(1) 15 – 18 Mud flat -13.2 6.3   
M. monoceros (5) ≤ 6 Seagrasses -13.6 ± 0.1 5.7 ± 0.0   
(10) 7 – 10 Seagrasses -13.6 ± 0.2 5.5 ± 0.0   
(6) 11 – 14 Seagrasses -15.0 ± 0.7 5.6 ± 0.1   
(1) 15 – 18 Seagrasses -16.5 ± 0.5 5.4 ± 0.4   
M. stebbingi (5), (1) 7 – 10 Seagrasses -12.0 ± 0.1 5.7 ± 0.1 -10.7 5.6 
(4), (1) 11 – 14 Seagrasses -12.0 ± 0.2 5.5 ± 0.1 -15.8 5.1 
M. japonicus (5), (10) ≤ 6 Seagrasses -12.8 ± 0.5 6.2 ± 0.2 -10.6 ± 0.3 5.3 ± 0.0 
(5), (5) 7 – 10 Seagrasses -12.5 ± 0.2 6.0 ± 0.1 -10.8 ± 0.8 5.4 ± 0.2 
(3), (5) 11 – 14 Seagrasses -11.7 ± 0.3 5.4 ± 0.2 -12.2 ± 0.5 5.2 ± 0.2 
(3), (3) 15 – 18 Seagrasses -12.1 ± 0.3 5.6 ± 0.1 -12.1 ± 1.1 5.1 ± 0.1 
(1) 19 – 20 Seagrasses -10.8 ± 0.2 5.6 ± 0.1   





Seagrass polychaetes are a potential food source to M. stebbingi (Figure 2b) and seagrass 
epiphytic algae and sediment seems to be the most probable food sources to F. indicus 
(Figure 2a). At Sangala Bay, polychaetes and benthic microalgae from both sand and 
seagrass habitats, and sand flat habitat sediment, are in general the shrimp species 
potential food sources (Figure 3a, b).  
The relation between the isotopic signature of shrimp species and most probable food 
sources origins, suggests feeding connectivity between the adjacent habitats on both bays: 
connectivity between mangrove habitat to the other three habitats at Saco, for all shrimp 
species and to the other two habitats at Sangala for M. monoceros and F. indicus ; 
connectivity between mud and sand flats and seagrass habitats also for all species at Saco 
and connectivity between sand flat and seagrass habitat for M. japonicus and M. stebbingi 



































































































Figure 2. Plots of δ13C and δ15N of penaeid shrimp species [a - F. indicus (gray symbol) 
and M. japonicus (black symbols); b - M. monoceros (black symbols) and M. stebbingi 
(gray symbols)] and different probable food sources collected in different habitats (□, 
mangrove; ○, sand flat; , mud flat; Δ, seagrass meadows ) at Saco Bay, Inhaca Island. 
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Figure 3. Plots of δ13C and δ15N of penaeid shrimp species [a - F. indicus (gray symbol)    
and M. japonicus (black symbols); b - M. monoceros (black symbol) and M. stebbingi 
(gray symbols)] and different probable food sources collected in different habitats (□, 
mangrove; ○, sand flat; Δ, seagrass meadows ) at Sangala Bay, Inhaca Island. Error bars 
indicate SE. Mg- mangrove habitat, Sd- sand flat and Sg- seagrasses habitat. 
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Discussion and Conclusions 
In general, stable isotopes ratios on shrimp species and potential food sources in both 
bays were on the intervals of carbon and nitrogen isotopes ratios reported by different 
authors in similar habitats (e.g. Rodelli et at. 1984; Stoner and Zimmerman 1984; 
Hemminga et al. 1994; Hemminga and Mateo 1996; Loneragan et al. 1997; Chong et al. 
2001; Boullion et al. 2002; Cocheret de la Morinière et al. 2003; Kieckbusch et al. 2004; 
Macia 2004b; Connolly et al. 2005 and Augley et al. 2007). The significant differences 
on carbon isotope ratios of each source between habitats are an important tool for habitat 
discrimination. Loneragan et al. (1997); Cocheret de la Morinière et al. (2003) and 
Nagelkerken and van der Velde (2004) have also used the δ13C ratios of potentially food 
sources (primary producers) to discriminate mangrove vs seagrass habitats. Sources 
discrimination in each of the habitats for both areas was also observed, being one of the 
most important issues when making use of the stable isotopes analysis in this kind of 
studies (France 1995; Herzka 2005), ultimately leading to identification of shrimp 
potential food sources. 
 Differences on δ13C and δ15N values among shrimp species became evident with the 
diversity of values found (-17.2 to 10.8 ‰ at Saco and -17.8 to -9.7 ‰ at Sangala). These 
differences may point out to assimilation of different carbon sources. Authors such as 
Newell et al. (1995), Loneragan et al. (1997), Chandra Mohan et al. (1997), Chong et al. 
(2001), Macia (2004a) and Sheaves et al. (2007) reported differences on the primary food 
sources between penaeid species, however it is important to take into account 
considerable overlaps of the diet of different species (Dall et al. 1990). For example, on 
the mud flat habitat at Saco bay (Marsupenaeus japonicus, M. monoceros, M. stebbingi) 
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and on Sangala sand flat (M. japonicus., M. stebiingi), shrimp species did not show any 
significant difference on δ13C and δ15N ratios, suggesting that these species may obtain, 
on these habitats, their primary carbon from the same sources.  
The difference on δ13C ratios of each shrimp species among the habitats at Saco bay is 
consistent with that reported by several authors for different shrimp species (Fry et al. 
1999; Chong et al. 2001; Macia 2004b; Sheaves et al. 2005). In Sangala M. japonicus did 
not show any difference on δ13C ratios between habitats, suggesting that besides 
occurring on different habitats, its primary carbon source is similar. But the difference on 
the δ15N ratios suggests an assimilation of different nitrogen isotope source in each 
habitat. 
No significant changes on δ13C values with shrimp size have been observed on the 
present study, suggesting no ontogenetic dietary shifts for this species at Saco and 
Sangala bays. This finding goes against that reported by several authors, making use of 
stable isotopes and gut content analysis methods (Robertson 1988; Stoner and 
Zimmerman 1988; Chandra and Mohan et al. 1997; Fry et al. 1999 and Sheaves et al. 
2007), where changes in diet have been observed with the increase of carapace length. 
But the present finding is consistent with that reported by Chong et al. (2001) in a 
Malaysian mangrove forest and by Cocheret de la Morinière et al. (2003) on coral reef 
fish. According to Dall et al. (1990) the size-related change in diet is not found in all 
penaeid species. Kuttyamma (1974) and Sastrakusumah (1971) did not find any size-
related change respectively on the diet of F. indicus and P. douradum (Dall et al. 1990). 
Consistent with the literature (Primavera 1996; Chong et al. 2001; Cocheret de la 
Morinière et al. 2003 and Macia 2004b), δ15N values did not differ significantly with 
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shrimp size at both areas, which may suggest that these species practically maintain the 
same trophic level along their development inside the bays. The differences of δ15N ratio 
among the size classes of M. monoceros (Saco) and M. japonicus (Sangala) on the sand 
flat habitat can be theoretically related to changes in the nitrogen isotope turnover rate 
according to size (but little is known about such physiological changes) and not an 
ontogenetic shift on diet (Cocheret de la Morinière et al. 2003). A change in the isotope 
allocation can also be an explanation, but then carbon and nitrogen isotopes sources have 
to be different as the variation on the δ13C values among size classes was not significant. 
The variation on the δ13C values with size for M. monoceros on the seagrasses habitat 
(Saco) is probably related to capacity of the larger specimens to move and feed among 
different habitats. According to Dall et al. (1990) larger shrimps move faster than small 
ones, thus the area searched is larger, making migrations between habitats more likely. 
This is probably why the larger specimens showed a signal closer to sources from the 
sand and mud flats. Small shrimps from the two first size classes had their carbon sources 
derived from the seagrass habitat, as their search area is small and diet is related to 
food/prey availability (Chong and Sasekumar 1981 referred by Dall et al. 1990). 
Macia (2004b) in a study on the primary carbon source for juvenile penaeid shrimps at 
the mangrove of Saco Bay, reported evidences of ontogenetic changes in diet for M. 
monoceros in the end of winter of 2000 and D de Abreu and A Macia (unpublished data) 
showed strong evidences of ontogenetic dietary shifts for F. indicus, M. japonicus, M. 
stebbingi and P. semisulcatus in the same area in the summer of 2003. The differences 
found in the present study may relay on seasonal variations of diet of different size 
classes (Dall et al. 1990), because sampling has taken place during winter season. The 
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reason of these diet variations are not clear, and may be due to changes on prey 
availability, dietary needs or because shrimp’s preferences changes along seasons (Dall et 
al. 1990). 
Observing the δ13C and δ15N dual plot for both Saco and Sangala Bays, it is evident the 
absence of direct contribution of the mangrove habitats to the nutrition of the four shrimp 
species, unless unconsidered sources on the mangrove habitat were effectively the 
primary carbon source for these shrimp species. Zimen et al. (1984), Stoner and 
Zimmerman (1988), Primavera (1996), Loneragan et al. (1997) and Macia (2004b) had 
also reported a low or absent contribution of mangrove material as carbon source to 
penaeid shrimps. A low or absent contribution from the mangrove habitat has also been 
reported for different taxa, i.e. polychaetes and striped shrimp on the Gulf of St Vicent, 
South Australia (Connolly et al. 2005) and to different fish species in Gazi Bay, Kenya 
(Marguillier et al. 1997) and Chwaka Bay, Zanzibar (Lugendo et al. 2006).  On the 
contrary, the seagrass habitat at Saco Bay seems to harbour most of the potential food 
sources for the penaeid shrimps in study. Loneragan et al. (1997) have also pointed the 
seagrass habitat as a major contributor to the juvenile prawn nutrition.  
Seagrasses epiphytic algae, benthic microalgae, sediment, polychaetes and plankton are 
in general the most likely potential food sources for the peaneid shrimp species on the 
present study. This finding has also been reported by several authors, namely seagrasses 
epiphytic algae by Kitting et al. (1984, in Dall et al. 1990) as the main source of carbon 
for P .aztecus, benthic microalgae by Newell et al. (1995) as a major food source for 
juvenile prawns in mangrove creeks in Malaysia and by Stoner and Zimmerman (1988) 
as the primary carbon source for penaeid shrimps in Laguna Joyuda in Puerto Rico. 
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Macia (2004b) reported carbon isotopic signatures very close to the sediment signal at 
Saco Bay, Inhaca Island (Mozambique) for some specimens of M. monoceros and F. 
indicus, supporting the sediment as one of the potential food sources on the present study. 
Polychaetes have been one of the primary dietary components found by Stoner and 
Zimmerman (1988) for penaeid shrimp species by analyzing gut contents, and, Primavera 
(1996) and Macia (2004b), as in the present study, reported plankton as one of the 
probable food sources for penaeid shrimps.  
The origin of the potential food sources of the four shrimp species analysed in relation to 
shrimps’ actual occurrence, suggests habitat interconnection, possibly related to 
migrations in several habitats used as feeding areas. For example M. monoceros collected 
in the mangrove habitat at Saco Bay seems to feed on the mud and sand flat areas, as well 
as M. stebbingi from the sand flat habitat at Sangala Bay uses, possibly, the seagrass as 
feeding habitat. Having a semi-diurnal tidal cycle, Saco and Sangala bays (de Boer and 
Longamane 1996) impose a tidal migration to penaeid shrimp species. During low tide 
they are excluded from mangrove and nearest adjacent habitats for a long period, being 
able to feed in different habitats during the ebbing period. Some shrimp species, like 
adults P. monodon (Marte 1980, in Dall et al. 1990), reaches the peak of their feeding 
activity on the ebb tide. This may be probably the case of the present species, which 
seems to feed on mud and sand flat habitats (in Sangala Bay, only for sand flat habitat) 
and mainly on the seagrass habitat on both Saco and Sangala Bays, where the water 
reaches the lowest level during the ebb tide. 
Another explanation for the putative habitat connectivity could be a recent shrimp 
migration to an habitat that provide better protection conditions against predators, and as 
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a result shrimps could retain in their muscles the signal from the previous habitat (food 
web), taking some days or weeks to integrate the new habitat signal (Hobson 1999). 
The possibility to identify habitat connectivity related to feeding of penaeid shrimps is 
extremely useful on the definition of feeding grounds (Herzka 2005, Lugendo et al. 
2006), which is a fundamental tool for the conservation of the resource itself and of their 
habitat.  
In conclusion the overall results showed significant differences in the carbon and nitrogen 
stable isotope ratios of the potential food sources and peaneid shrimp species from the 
different habitats of Saco and Sangala Bays. Mangroves and seagrasses do not seem to be 
a direct food source for penaeid shrimps in the area, but probably indirectly via 
exportation of organic matter to other habitats food webs, and thus mainly providing 
refuge against predators. 
No ontogenetic dietary shifts were apparent in the penaeid shrimp species studied on both 
bays. Habitat connectivity related to feeding occurs for the shrimp species (Metapenaeus 
monoceros, M. stebbingi, Marsupenaeus japonicus and Fenneropenaeus indicus) on Saco 
and Sangala Bays, which could be a result of a tidal migration or of a migration to a 
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On the present study, the penaeid shrimp species and their potential food sources 
(mangrove leaves, seagrass blades, epiphytic algae both on mangrove roots and seagrass 
blades, benthic microalgae, plankton, sediment detritus and polychaets) for both studied 
bays, where on the interval of the δ13C and δ15N reported by several authors worldwide 
(e.g. Boullion et al. 2002; Cocheret de la Morinière et al. 2003; Kieckbusch et al. 2004; 
Connolly et al. 2005 and Augley et al. 2007). In Mozambique previous studies at Inhaca 
Island (de Abreu 2003, Macia 2004) also presented 13C and 15N values similar to the 
present study. The stable isotope signals from the different sources allow the habitat 
discrimination, making than possible to identify what and where penaeid shrimps had 
been feeding. 
The studies penaeid shrimp species presented different carbon and nitrogen stable isotope 
ratios; although some diet overlap has been detected, reflecting a degree of overlap on the 
habitat used as feeding area. But the overall difference between species suggests a limited 
competition for feeding habitats. 
No significant ontogenetic changes on the shrimp’s diet have been detected on the study 
period for carbon stable isotope values, in both study areas. This finding goes against that 
reported by several authors in different regions (e.g. Chandra and Mohan et al. 1997; Fry 
et al. 1999 and Sheaves et al. 2007) and also for the same study area and shrimp species 
(de Abreu 2003), but in the Summer season. So a similar study as the present should be 
undertaken in summer in order to compare both results and to assess any seasonal 
variation on the food items assimilated as primary carbon source and any difference on 
the habitat linkage between different size classes. Furthermore, it is also important to 
assess any seasonal difference on the carbon and nitrogen stable isotope ratios of the 
potential sources in each habitat. 
Seagrass epiphytic algae, benthic algae, seagrass beds sediment (organic matter), 
polychaets and plankton seem to be the most likely potential food sources for the shrimp 
species in the study. The seagrass habitat harboured most of the identified potential food 
sources. Because different species can present different isotopic fractionation levels for 
carbon and nitrogen stable isotopes, it would be of great importance, in the future, to 
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undertake some experimental studies to determine de specific fractionation levels for the 
different shrimp species studied. This would make possible a higher accuracy in the 
interpretation of data obtained in similar studies. 
The origin of the potential food sources in relation to the actual occurrence of the penaeid 
shrimps highlighted habitat interconnection related to foraging behaviour, which implies 
an actual movement of specimens from habitat of occurrence to feeding habitat. 
The possibility to identify feeding habitats as well as the interlinkages between coastal 
habitats for important fishery resources is an excellent tool for the drawing of 
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